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DEFECT ANALYSIS SYSTEM FOR ERROR
IMPACT REDUCTION

BACKGROUND

Embodiments of the inventive subject matter generally
relate to the field of computers, and, more particularly, to
defect analysis and defect prevention.

Tracking down the root cause for a defect (or “bug”) in
even simple software can be a challenging endeavor. As soft-
ware increases in complexity, the difficulty in fixing defects
can increase at a rate that might be characterized as exponen-
tial, or worse. A single defect may take weeks or months to be
fixed, and then weeks or months before the fix is incorporated
into a software release and made available to users.

SUMMARY

Embodiments of the inventive subject matter generally
include a method analyzing a first set of data associated with
a plurality of data sources. Analysis of the first set of data
associated with the plurality of data sources determines a
plurality of relationships among the first set of data. Indica-
tions of the plurality of relationships among the first set of
data are stored, and the indications of a relationship indicate
apossible software defect. Rules are generated based, at least
in part, on the first set of data associated with the plurality of
data sources. A rule also indicates a possible software defect.

Embodiments of the inventive subject matter also gener-
ally include a method in which sets of interrelated data are
determined. The number of software defects is decreased by
analyzing a modification of data associated with a first set of
interrelated data of the sets of interrelated data. The amount of
time between receiving an indication of a software defect and
determining a cause of the software defect is decreased by
analyzing the sets of interrelated data.

BRIEF DESCRIPTION OF THE DRAWINGS

The present embodiments may be better understood, and
numerous objects, features, and advantages made apparent to
those skilled in the art by referencing the accompanying
drawings.

FIG. 1 is a conceptual diagram that depicts the interactions
between a defect analysis system, data sources and system
participants.

FIG. 2 depicts a flowchart of example operations on rela-
tionship and rule construction for use of a defect analysis
system.

FIG. 3 depicts a flowchart of example operations in which
a defect analysis system determines a problem cause(s) and
solution(s) for a defect.

FIG. 4 depicts a flowchart of example operations in which
a defect analysis system prevents defects.

FIG. 5 is an example diagram depicting a subset of the
software layers used in a web browser-based content sharing
application.

FIG. 6 depicts a defect and a set of relationships between
the components that might be implicated in causing the
defect.

FIG. 7 depicts an example computer system including a
defect analysis system, which includes a defect analysis
application and a defect analysis database.

DESCRIPTION OF EMBODIMENT(S)

The description that follows includes exemplary systems,
methods, techniques, instruction sequences and computer
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2

program products that embody techniques of the present
inventive subject matter. However, it is understood that the
described embodiments may be practiced without these spe-
cific details. For instance, although examples refer to k-means
clustering, other analysis techniques may be utilized. In other
instances, well-known instruction instances, protocols, struc-
tures and techniques have not been shown in detail in order
not to obfuscate the description.

Much of the difficulty related to software defects stems
from the fact that complex software has complex relation-
ships between components that are built on top of each other
in layers. To track down a defect, it is useful to understand the
relationships between the components, as well as understand-
ing how changes to various components can manifest in
related components. Although the human brain is good at
recognizing relationships, it can be difficult to recognize all
relevant relationships in complex software.

Additionally, software components can be used in multiple
different software applications that are completely unrelated
in function. However, the different software applications may
use one or more of the same underlying components. A defect
in one of the software applications may already be solved for
one software application, but this fact may go unknown to the
support engineer working on the defect related to the other
software applications.

Furthermore, it can be virtually impossible for a developer
to verify that all changes to all components will have no
impact on the software the developer is responsible for. Each
component the developer uses may be based on multiple
additional components, each of which may be based on mul-
tiple additional components, etc. Thus, there can be too many
interactions to fully understand the impact of a single change
in a component that is obscured by multiple layers of other
software.

A defect analysis system can be designed to aggregate
software-related data from multiple sources, analyze rela-
tionships among the data and provide access to the results of
the analysis for use in fixing and preventing software defects.
The defect analysis system can analyze large amounts of data,
thus exposing relationships that were not previously visible or
were difficult to discern. The defect analysis system can also
be designed to analyze changes in the datasets and notify
owners of related data that a change has been made that might
impact the related data. Furthermore, the defect analysis sys-
tem can be integrated into other systems, generating or updat-
ing rules and other process constraints to help further prevent
defects.

By providing access to more relationships, the defect
analysis system can reduce the amount of time between
receiving a report of a defect and determining the cause of the
defect. By notifying stakeholders of changes to related data,
the defect analysis system can reduce the number of defects.
And by applying generated rules and other process con-
straints, the defect analysis system can stop processes that
may introduce defects.

FIG. 1is a conceptual diagram that depicts the interactions
between a defect analysis system, data sources and system
participants. FIG. 1 depicts a defect analysis system environ-
ment 100, with data sources that include a customer support
database 102, a set of version control change logs 104, a
version control repository 106, a set of build scripts 110, and
a software component metadata database 114. The defect
analysis system environment 100 also includes a customer
support team 116, a set of developers 108 and an installation
team 112, which constitute system participants. Last, the
defect analysis system environment 100 also includes a defect
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analysis system 120 comprising a defect analysis application
122 and a defect analysis database 124.

At stage A, data contained in the data sources, such as the
customer support database 102 and the version control
repository 106, are input into the defect analysis system 120.
This can be accomplished in a variety of ways, and depends
on the specific implementation of the defect analysis system
120 and the individual data sources. For example, the data in
the data source can be exported to a file or plurality of files,
then imported into the defect analysis system 120. The defect
analysis system 120 can also connect to the data source and
extract the data by utilizing an application programming
interface (API).

The data sources can provide data in various formats. For
example, a data source can be a relational database in which
the data already has some relationships defined. The customer
support database 102 is an example of a data source that might
be implemented as a relational database. A data source can
also include unordered data without defined relationships.
For example, the version control repository 106 can contain a
set of files containing computer code, with no explicit rela-
tionships between the files defined in the version control
repository 106.

The defect analysis application 122 can act as the interface
between the data sources and the defect analysis database
124. For example, the defect analysis application 122 can
connect to the customer support database 102 and run a series
of queries to retrieve the data from the customer support
database 102. The defect analysis application 122 can then
transform or convert the data from the customer support data-
base 102 into a form that is compatible with the defect analy-
sis database 124. The defect analysis application can then
input the data into the defect analysis database 124. The
defect analysis database 124 can also be implemented in
various ways. For example, it can be a relational database, a
collection of individual files or a combination of the two.

At stage B, the defect analysis system 120 analyzes the data
to determine the relationships among the various pieces of
data. The techniques used to determine the relationships will
vary between implementations and between data sources. For
example, the software component metadata database 114 can
contain information that describes the relationships between
various software components, such as dependencies. Thus,
the defect analysis system 120 can utilize these pre-deter-
mined relationships.

The customer support database 102 can contain entries
describing reported defects as well as the solutions to the
defects. There may be no pre-determined relationships
between entries in the customer support database 102, thus
the defect analysis system 120 can use techniques such as a
type of textual analysis to determine which entries are related
to each other. For example, there may be two different entries
in the customer support database 120 that describe a defect
with handling a particular font. The entries may pertain to two
completely different software applications that are handled
by two different support teams, and thus any relationship may
go unnoticed by the support engineers from the two different
support teams involved. But a textual analysis done by the
defect analysis system 120 might establish that the two entries
are related based on keywords, APIs, terms or language used
in problem descriptions.

The version control repository 106, as described above, can
contain a set of files containing computer code, but without
any explicitly defined relationships. Even though the version
control repository 106 does not contain explicitly defined
relationships, the actual code in the files may contain rela-
tionships, such as code dependencies. For example, a file
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4

associated with one software component may reference a file
of source code associated with another software component.
The defect analysis system 120 can be implemented in such a
way as to recognize a source code dependency as a relation-
ship. The set of build scripts 110 can include similar relation-
ships. For example, a build script in the set of build scripts 110
might contain an instruction that results in the building of a
first software component prior to building a second software
component. Thus, the defect analysis system 120 might
establish that the first software component is a dependency of
the second software component.

Relationships can be established by using information
from multiple data sources as well. For example, data from
multiple sources can be linked to create a more complex
graph of relationships. The defect analysis system 120 may
recognize a relationship between a first and a second software
component defined in the software component metadata data-
base 114. The customer support database 102 can include a
list of files that were modified in order to fix a particular
defect. The defect analysis system 120 might recognize that a
file related to the second software component was modified
along with a file related to a third software component to fix
the defect. Thus, the defect analysis system 120 might estab-
lish that there is a relationship between the first software
component and the third software component that is not
explicitly defined anywhere.

Various methods can be used to determine the relationships
between the various pieces of data. For example, cluster
analysis on apparently unrelated data can be utilized to deter-
mine that relationships exist between the data. One imple-
mentation might ignore pre-defined relationships, and instead
convert each individual textual entity (such as a file or data-
base entry) into a point in a multi-dimensional space. The
defect analysis system 120 can then analyze the generated
clusters within the multi-dimensional space to determine
relationships between the data. More specifically, applying a
k-means clustering algorithm to the data can be effective in
finding relationships between data that would be difficult for
a person to recognize. Various other analysis techniques can
be used or combined to potentially improve results and estab-
lish more relationships. Pre-determined relationships, such as
those defined by a relational database, can be combined with
relationships discovered using textual analysis and clustering
analysis to produce more advanced results.

At stage C, the defect analysis system 120 provides indi-
cations to system participants, such as the customer support
team 116, of the relationships between components. The indi-
cations can be provided through a user interface component
of the defect analysis application 122. Additionally, multiple
user interfaces can exist, with each one customized for use by
a specific group of system participants. The user interface(s)
can be builtas a component of the defect analysis system 120,
or can be built independently, communicating with the defect
analysis system 120 via an API or other method.

In an example scenario, a member of the customer support
team 116 views a first entry in the customer support database
102. The first entry includes relationship indications of other
data that the defect analysis system 120 determined to be
related to the first entry. For example, the user interface dis-
plays a set of other entries in the customer support database
102 that are related to the first entry. The customer support
team 116 member views the customer support database 102
entries that are related to the first entry. The related entries
provide additional information that allows the customer sup-
port team 116 member to find the possible solutions to the
defect indicated in the first entry. For example, the customer
support team 116 member views a second entry entered by a
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member of another customer support team that indicated a
similar defect in another application. The second entry
explains how the other member of the other customer support
team fixed the defect. The customer support team 116 mem-
ber then determines that the solution for the defect occurred in
a low level component used by both applications. The cus-
tomer support team 116 member then also determines that the
application indicated in the first entry is using an outdated
version of the low level component that does not include the
fix indicated by the member of the other customer support
team. Without the information provided by the defect analysis
system 120, the customer service team 116 member might
have spent significantly more time troubleshooting the defect.

A user interface for the defect analysis system 120 can
allow users to view different sets of relationship for a particu-
lar piece of data. For example, the customer support team 116
member discussed above can be given the option of viewing
the relationships between the first entry in the customer sup-
port database 102 and additional entries in the customer sup-
port database 102. The customer support team 116 member
can also be given the option of viewing the relationships
between the first entry and software components as deter-
mined by the defect analysis system 120. Being able to
choose the types of relationships based on a variety of options
allows the user to tailor their search according to the task at
hand.

At stage D, a developer from the set of developers 108
commits a change to a source code file for a software com-
ponent to the version control repository 106. Upon receiving
the commit instruction and updated source code file, the
version control repository 106 indicates to the defect analysis
system 120 that a change has been made and provides the
updated data. Using the updated data, the defect analysis
system 120 determines which other components are related to
the changed file, and notifies the appropriate system partici-
pants.

In an example scenario, the developer changes a setting in
a first software component that specifies the number of bytes
to use when generating a particular set of characters. For
example, the developer changes the setting from two byte
encoding to four byte encoding. Thus, any text generated by
the first software component will change from a two byte
encoding to a four byte encoding. The defect analysis system
120 determines that there are several relationships established
between the changed first software component and other soft-
ware components. For example, the defect analysis system
120 determines that other software components use the out-
put from the first software component. If the other software
components expect the output from the first software compo-
nent to be encoded using two bytes, but the output is encoded
in four bytes, defects may occur. The defect analysis system
120 determines that the other software components include
the same setting, but are set to the old setting value. The defect
analysis system 120 then indicates to the relevant system
participants that the setting in the first software component
was changed, alerting them that the other software compo-
nents should be updated accordingly.

Similarly, the defect analysis system 120 can generate rules
to be incorporated into other systems. For example, software
may include build scripts that perform many different actions
when building the software program. One action can be
checking settings to ensure that the settings are compatible
between different components of the software program. In the
above example in which a developer changes the setting for
the number of bytes used to encode text, the defect analysis
system 120 can generate a rule to prevent a subsequent defect.
The rule can cause an error or warning to be generated if a
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software component depends on the software component
with the modified setting and has not been updated.

The version control repository 106 is described above as
indicating changes to the defect analysis system 120 at stage
D. In some implementations, the defect analysis system 120
queries the data sources at periodic intervals to determine the
changes. For example, some data sources can be proprietary
systems that cannot be changed, preventing changes to update
the data sources to communicate to the defect analysis system
120. Thus, if the data source allows other software to com-
municate with it, the defect analysis system 120 can be imple-
mented to request data from the data source at regular inter-
vals. The defect analysis system 120 can then determine the
changes since the previous query. Some data sources might
not have a mechanism for direct communication with the
defect analysis system 120 at all. Thus, data might be
exported manually from the data source at regular intervals
and imported into the defect analysis system 120.

It should be noted that although the examples and descrip-
tions above discuss the defect analysis system 120 in a con-
text that can be interpreted as applying to data sources and
system participants that are part of the same business entity,
the inventive subject matter is not so limited. For example,
many software programs utilize libraries code from third
party entities, such as open source software projects. The use
of open source software presents both advantages and disad-
vantages. When a large number of other entities utilize the
same open source software, the chance of someone discover-
ing and fixing a defect increases. When a software program is
developed completely within a single entity, it may be easier
to develop processes to notify related stakeholders of
changes, but when utilizing a software program from a third
party, this becomes much more difficult. It may be cost or time
prohibitive to monitor changes to third party products in order
to determine whether a particular update would fix open
defects or cause other defects. Thus, the defect analysis sys-
tem 120 can be leveraged to allow an entity to better use third
party software by establishing relationships and monitoring
changes to the third party software. In other words, data
associated with third party products, such as version control
logs and defect reporting software can be utilized just as any
other data source.

FIG. 2 depicts a flowchart of example operations on rela-
tionship and rule construction for use of a defect analysis
system.

At block 200, the defect analysis system retrieves the
defect portfolio for a user accessing the defect analysis sys-
tem. The user can access the defect analysis system in a
variety of ways, such as through a web interface or applica-
tion utilizing an AP, as described above. A defect portfolio
comprises defect reports. The user’s defect portfolio can
include open defect reports assigned to the user, closed defect
reports assigned to the user, defect reports that the user has
permission to see, defects related to a team the user is
assigned to, etc. The scope of a user’s defect portfolio can
vary between users. For example, a low level user may be
restricted to only defects assigned to that user. However, a
high level user may have access to all defects, whether
assigned to them or not. Different implementations can define
the defect portfolio in different ways. In general, the user’s
defect portfolio is a set of defect reports that are most relevant
to the user, as determined by the implementation. After
retrieving the user’s defect portfolio, control then flows to
block 202.

At block 202, the user configures defect report search
parameters. For example, the user may have the choice of
selecting various options to filter the defect reports in the
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defect portfolio. For example, the user may restrict the defect
reports to ones that are open, ones related to certain a problem
and/or solution, or ones related to a particular software com-
ponent. The user may also have the option to search for
keywords or generating text queries including operators like
Boolean operators. After configuring the defect report search
parameters, control then flows to block 204.

At block 204, the defect analysis system retrieves defect
reports based on the user’s defect portfolio and search param-
eters, as well as retrieving related defect reports. Typically,
the defect analysis system determines a first set of defect
reports based on the user’s defect portfolio and search param-
eters. Then the defect analysis system determines a second set
of defect reports that are related to the defect reports in the
first set of defect reports. As described above, related defect
reports can be found using a variety of analytic techniques,
such as cluster and statistical analysis. Implementations can
vary. For example, the defect analysis system can determine
the related defect reports based on the user’s defect portfolio
first, and then filter the defect reports based on the search
parameters. The specific implementation can be influenced
by factors including business requirements and the nature of
the source data. After retrieving defect reports based on the
user’s defect portfolio and search parameters, as well as
related defect reports, control then flows to block 206.

At block 206, rules are built based on the retrieved defect
reports. The rules can be generated automatically. For
example, the defect analysis system can determine that if a
change is made to a first defect report, such as closing it,
notifications are sent to the users assigned defect reports
determined to be related to the first defect report. Addition-
ally, rules can be created manually by the user. For example,
the user may determine that the solution to a first defect report
is the solution to a second defect report, and thus create a rule
establishing the two defect reports as having the same solu-
tion. Establishing such a rule can be utilized by the defect
analysis system to predict that a third defect report deter-
mined to be related to both the first and second defect report
has the same solution. After building rules based on the
retrieved defect reports, control then flows to block 208.

At block 208, the defect analysis system generates rela-
tionships based on the new rules. As described above, the
relationships can be stored in a variety of forms. The rules can
be used to generate new relationships independent of a rule or
new relationships based on the rule. After generating relation-
ships based on the new rules, the process ends.

Parts of the defect analysis described above can be embod-
ied as a separate software application. For example, the
operations in blocks 200, 202 and 204 might be performed
using an existing defect tracking software application. The
operations in blocks 206 and 208 could then be done utilizing
the defect analysis system separately. The operations in
blocks 206 and 208 could also be done using the existing
defect tracking software application by integrating the exist-
ing defect tracking software application with the defect
analysis system. Various operations above can be apportioned
among various pieces of software or software applications,
and each separate piece of software can be considered a part
of the defect analysis system or separate from the defect
analysis system.

FIG. 3 depicts a flowchart of example operations in which
a defect analysis system determines a problem cause(s) and
solution(s) for a defect.

At block 300, the defect analysis system receives an indi-
cation of a new defect report and the new defect report is
retrieved. In some implementations, the indication of the new
defect report is the defect report itself. As described above,
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8

existing defect tracking systems can exist out of the defect
analysis system. Thus, instead of receiving a defect report
directly, the defect analysis system may just receive a notifi-
cation indicating the existence of the new defect report. The
defect analysis system can also retrieve new defect reports
periodically, thereby not receiving a specific indication of the
new defect report. After retrieving the new defect report,
control flows to block 302.

At block 302, the defect analysis system analyzes existing
defect reports in the defect database to determine defect
reports that are related to the new defect report. The defect
analysis system retrieves a set of defect reports from the
defect database. Similar filters and search parameters can be
used as when a user searches for defects. For example, a new
defect report may specify arelated component or the software
application the defect occurred in, which the defect analysis
system can use to filter existing defect reports. The defect
analysis system can also determine keywords in the new
defect report and filter the existing defect reports using the
keywords. The defect analysis system determines related
defect reports as described above. After determining related
defect reports, control then flows to block 304.

At block 304, the defect analysis system generates rules
based on the related defects. As described above, the defect
analysis system can generate rules based on related defect
reports, such as a rule that notifies the owners of related defect
reports when the status of another defect report changes. After
generating rules based on the related defects, control then
flows to block 306.

At block 306, the defect analysis system determines the
cause of the defect and the solution for the defect. The defect
analysis system can accomplish this by analyzing the rela-
tionships and rules among the related defect reports. As
described above, rules and relationships can be generated
based on defects that have shared solutions. If the analysis of
the related defects shows that they have the same solution, the
defect analysis can suggest the solution for the new defect
report. After determining the cause and solution for the
defect, control then flows to block 308.

At block 308, the defect analysis system updates relation-
ships based on the related defect reports and generated rules.
As described above, the defect analysis system stores rela-
tionships in a database. When new relationships are deter-
mined or old relationships are removed, the defect analysis
system updates the database in which the relationships are
stored. After updated the relationships based on the related
defect reports and generated rules, the process ends.

FIG. 4 depicts a flowchart of example operations in which
a defect analysis system prevents defects.

At block 400, the defect analysis system receives an indi-
cation that a piece of data, such as computer code, has been
modified. For example, a developer checks a source code file
into a version control repository after modifying the source
code or an existing defect report is closed. The indication that
the piece of data has been modified may be the updated data,
a representation of the updates, the old and new data, just an
indication that data changed, etc. Ifthe data is not included in
the indication, the defect analysis system retrieves the
updated data. Some data sources, as described above, cannot
be modified to notity the defect analysis system when data
changes, thus the defect analysis system can be implemented
to check for updates periodically. For the purpose of this
example, it will be assumed that the modified data is com-
puter code. Some operations may not apply to different types
of data, while additional operations may be performed for
different types of data. After receiving an indication of the
modified code, control then flows to block 402.
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Atblock 402, the defect analysis system retrieves informa-
tion from a database of developers. The information can
contain details about the roles of the developers, what projects
they are assigned to, particular areas of expertise, etc. After
retrieving information from a database of developers, control
then flows to block 404.

At block 404, the defect analysis system analyzes the
modified code to determine what changes were made and
determines what data is related to the modified code. The
modifications are used by the defect analysis system to deter-
mine what other pieces of data are impacted by the modifi-
cation. The defect analysis system determines what other
pieces of data are related to the modified code, either by
analyzing the data as described above or querying the data-
base that stores details about the relationships among the
pieces of data. After determining related data, control then
flows to block 408.

At block 408, the defect analysis system updates relation-
ships and rules if appropriate. For example, code modifica-
tions can remove dependencies, such that the modified code is
no longer related to the other software component. Similarly,
code modifications can add dependencies, thus the defect
analysis system updates the relationships to include the new
dependency. Rules based on the relationships are updated as
described above. After updating relationships and rules as
appropriate, control then flows to block 410.

At block 410, the defect analysis system determines if the
modifications create any potential defects. For example, if a
function is modified to return a different type of value, such as
changing the return type from an “int” to a “char,” any code
that calls that function may subsequently fail. Thus, utilizing
the relationships among the data, the defect analysis system
can determine whether the changes to the code create poten-
tial defects. Additionally, the defect analysis system can uti-
lize rules to determine if the modifications create any poten-
tial defects. For example, a rule may exist that determines that
a particular change can cause a particular defect. The defect
analysis system would recognize the change as creating a
potential defect. If the defect analysis system determines that
the modifications create any potential defects, control then
flows to block 412. If the defect analysis system determines
that the modifications do not create any potential defects,
control then flows to block 414.

Atblock 412, the defect analysis system suggests possible
solutions to the potential defect. For example, if a rule speci-
fies that the particular modification can lead to a particular
defect, the defect analysis system may suggest a solution
based on related defect reports. Also, as will be described in
detail below, certain components of a font refer to each other.
A rule can exist that suggests the developer verify that the
other components have been properly updated. Or, a rule can
exist that allows the defect analysis system to verify the
references are correct itself and only notify the developer (or
other responsible party) if the references are not correct. After
suggesting solutions to the potential defects, control then
flows to block 414.

Control flowed to block 414 if the defect analysis system
determined that the modifications did not result in any poten-
tial conflicts. Control also flowed to block 414 from block
412. At block 414, the defect analysis system determines
whether a notification about the modification should be sent.
The defect analysis system can determine this based on rules
and relationships or other data, such as the developer data-
base. For example, if all data related to the changed file are
within the same project, the defect analysis system might
determine that no notifications are necessary. If the changed
file is related to another project, which may be handled by an
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entirely different team, the defect analysis system might
determine that the other team should be notified. Addition-
ally, rules can be created that determine notifications should
be made when certain data is modified. For example, a rule
might be created that specifies a notification is to be sent
anytime a specific core file is modified because of a high risk
of defects. If the defect analysis system determines that a
notification should be sent, control then flows to block 416. If
the defect analysis system determines no notification should
be sent, the process ends.

Atblock 416, the defect analysis system sends notifications
based on information from the developer database or a rule.
For example, the defect analysis system determined the
related components at block 404. The defect analysis system
can then use the data retrieved from the developer database to
determine the person responsible for a particular project that
includes a related file. Thus, the defect analysis system can
then determine the contact information for the responsible
person and send then a notification of the modification. After
the notifications are sent, the process ends.

FIG. 5 is an example diagram depicting a subset of the
software layers used in a web browser-based content sharing
application. FIG. 5 includes a client computing system 502, a
network connection 504 and a server computing system 506.
The client computing system 502 includes a web-browser
plug-in 510, a web browser 512 and a client operating system
514. The client operating system includes a font subsystem
516 and font definitions 518. The server computing system
506 includes a content sharing application 520, a web server
application 522 and a server operating system 524. The server
operating system includes a font subsystem 526 and font
definitions 528.

In an example scenario, a support engineer receives a
report of a defect from a user. The user is attempting to use a
web-based collaboration tool to view a document a coworker
has put on the server. When viewing the document though, the
user sees incorrect text characters, such as symbols where
English letters should be or empty square boxes.

The support engineer can start by doing some quick
troubleshooting first, such as verifying the versions of the
software being used on the client computing system 502. For
example, the support engineer might ask the user to determine
the version of the web browser plug-in 510, knowing that an
outdated version might cause the problem. The support engi-
neer might then verify that the use has the proper fonts
installed by verifying the existence of the proper font defini-
tion in the font definitions 518.

If the support engineer verifies everything above as being
correct, the next step is to start engaging support engineers
that deal specifically with certain layers. For example, the
support engineer creates or assigns a ticket to a support engi-
neer on the team that handles defects in the specific web-
browser plug-in 510 used in this application. The web-
browser plug-in 510 support team has a high workload or
gives the defect a low priority, and thus takes days or weeks to
troubleshoot the defect. Once the web-browser plug-in 510
support team begins troubleshooting the defect, they deter-
mine that the problem is bad data being received from the next
layer, the web browser 512. Thus, the defect is passed on to
another support engineer or team to determine if the defect
occurs in the web browser 512 or somewhere else.

Eventually, potentially after weeks or months of trouble-
shooting the various layers, a developer determines that the
font definition that exists in the font definitions 528 on the
server has an error in it. The developer who determines this
also determines that the font definition at issue has been
corrected, but has not been incorporated into the server oper-
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ating system 524 that runs on the server computing system
506. The team responsible for the server operating system 524
is notified, and updates the next version of the server operat-
ing system 524. Thus, when the next version of the server
operating system 524 is released, and eventually installed on
the server computing system 506, the defect is fixed.

The defect analysis system can reduce the amount of time
it takes for a solution to a defect to be found and for a solution
to a defect to be implemented. In the above example, the
developer determined that the font definition error had
already been corrected. One reason this might have been is
because a similar defect appeared in a different application
that utilized the same font definition. The defect analysis
system might have recognized the relationship between the
new defect report and the one that resulted in the corrected
problem. If the initial support engineer had been aware of the
related defect report, s/he may have immediately requested
that someone verify the version of the font definition included
in the server operating system 524. This could have resulted
in less time troubleshooting, not only in determining the
cause of the defect sooner but also reducing the work load on
each team involved.

Even if the defect had not shown up elsewhere, the defect
analysis system might have been able to determine that the
solution already existed. For example, the incorrect font defi-
nition was, at some point, committed into a version control
repository. It is possible that the developer committed the
incorrect version to version control without testing it, then
later, testing some other aspect of his work that revealed the
defect. But, in between the time the developer committed the
incorrect version to version control and found his mistake, the
incorrect font definition was incorporated into the server
operating system 524, unbeknownst to the developer. How-
ever, when the developer fixed the problem, s’/he may have
described the problem and fix in the version control logs
associated with committing the corrected version to version
control. Because these version control logs can be a data
source for the defect analysis system, the defect analysis
system could discover the relationship between the version
control log entry and the new defect report.

The defect analysis system can also help prevent the defect
in the first place. As described above, it is possible that the
server operating system 524 happened to incorporate the
incorrect version of the font definition. When the corrected
version was committed to version control, the developer
might have labeled the commit as “critical.” The defect analy-
sis system might recognize that files committed with the
“critical” label should have a rule generated that prevents
builds with an older version of the file. Thus, the defect
analysis system generates a rule in this scenario that is incor-
porated into the build scripts. During the build process of the
server operating system 524, the build tool determines that the
server operating system 524 is recognizing an older version of
the font definition than the corrected version. Thus, the build
tool halts the build process and alerts the build team, who
investigates the change, the potential impact of using the new
font definition and incorporates the new font definition into
the latest version of the server operating system 524. Thus, the
defect is fixed in the server operating system 524 prior to the
user submitting a defect report.

As described above, the defect analysis system generates
rules to help prevent defects based on the relationships among
the data. Some relationships can be embodied as rules and
some rules as relationships. As described above, a specific
type of relationship, such as a dependency relationship
between two software components, can lead to a specific
action based on an event. For example, in the aforementioned
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dependency relationship, a change to the independent soft-
ware component may be an event that triggers an action, such
as a notification to a particular user. Fixing a defect can yield
many such rules, as illustrated by expanding the example
discussed above regarding the incorrect font definition.

FIG. 6 depicts a defect and a set of relationships between
the components that might be implicated in causing the
defect. FIG. 6 depicts a defect 602, which may be caused by
a set of components 610-620. FIG. 6 also depicts a set of
components 630, 632 and 640-644 that are impacted by a fix
for the defect 602. Each edge between components represents
a relationship.

When a report of the defect 602 comes in, a support engi-
neer may have to determine which components may cause the
defect 602. A single defect can oftentimes be caused by any
one of a number of software components. In this example, six
various software components of an example system that
could cause the defect 602 are depicted. Depending on the
actual software implementation, more or less software com-
ponents can be a potential cause of the defect 602. Each edge
between the defect 602 and each software component indi-
cates a dependency relationship. The software component
that is incorrectly displaying the characters depends on each
software component by either using it directly or indirectly.
Forexample, X11 620 is a software component that facilitates
the drawing of graphics, such as windows and text, on a
computer screen. The software that is displaying characters
incorrectly might utilize a graphical user interface library that
is based on X11 620. Thus, even though the defective soft-
ware component does not directly depend on X11 620, it
indirectly depends on it.

In this example, a support engineer narrows the problem to
the xfont 616 software component. In particular, the support
engineer determines that a collection of fonts within the xfont
616 software component specify multiple glyph indexes, cre-
ating conflicts. In order to fix the defect, the support engineer
determines that the duplicative indexes should be removed,
leaving only one index. In order to make this change, the
glyph index 640 for the affected fonts in the font collection is
updated. The change to the glyph index 640 may impact the
font encoding 644, resulting in a change to the encoding
mapping. Further, the uconv mapping 642 is updated to remap
both the glyph index 640 and font encoding 644. Thus, the
edges between the glyph index 640, uconv mapping 642 and
encoding 644 represent more dependency relationships.

After making changes to the font files, further changes may
be made to provide the xfont 616 software component access
to the fonts. For example, the xfont 616 software component
may be configured to retrieve a font from a particular location.
Because fonts may be organized separately from other files, a
symbolic link 632 can be put in the location the xfont 616
software component retrieves a font from, redirecting the
xfont 616 software component to the appropriate font file.
Thus, if a new version of the font is created, the symbolic link
632 is updated to reflect the new version. Finally, the instal-
lation script 630 may be updated to correctly reflect the proper
symbolic link 632. Software components such as the xfont
616 software component and the font files may be installed
separately. Once both components are installed, the installa-
tion script 630 can modify the default xfont 616 software
component installation by copying or creating the proper
symbolic link 632 to the proper font files.

Each of these steps, represented by the edges between the
components, exhibit some form of dependency relationship
and may be used to generate a rule. For example, recognition
that more than one glyph index 640 can create conflicts can
generate a rule that verifies each font only has one glyph index
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640. When a change occurs to the font encoding 644, a rule
can be generated to notify the person making the change that
the change may impact the glyph index 640 and the uconv
mapping 642 and vice versa. Or, the rule can be generated to
notify a person determined to be responsible for the respec-
tive software components. Or, a rule can be generated to
actually verify that the glyph index 640 and uconv mapping
642 correspond to the font encoding 644 as expected. Many
variations of rules can be created depending on the capabili-
ties of the defect analysis system, as illustrated.

It can be instructive to examine the potential impact of a
single rule. As described above, the troubleshooting of a
single defect may take weeks or months before a problem is
found and the fix is installed in the defective system. Thus,
many man-hours may be spent on one particular issue, as well
as potential lost productivity because of the software defect.
Thus, using discovered relationships to create rules to verify
and check complex software as well as notifying appropriate
people of changes and other event can reduce the amount of
time spent troubleshooting related issues. Even though the
particular issue encountered may not happen again, the addi-
tional rules created can prevent other defects as well. Further-
more, the person in charge of updating the uconv mapping
642 may not know that the change has an impact on the team
responsible for the installation script 630. The defect analysis
system can discover these complex relationships that can be
difficult for a person to understand. Thus, the defect analysis
system might notify a team across the world that a single,
minor change may have an impact on something they are
responsible for.

Although specific examples of various analysis techniques
are given above, such as k-means clustering, the inventive
subject matter is not so limited. There are many different
algorithms that exist that might be advantageous in specific
implementations. For example, k-means clustering is only
one of many clustering techniques, which include hierarchi-
cal clustering techniques, distribution-based clustering and
density-based clustering. Further, clustering is only one way
to determine relationships between pieces of data. For
example, other forms of spatial or statistical analysis can be
used.

As example flowcharts, the flowcharts depicted above
present operations in an example order from which embodi-
ments can deviate (e.g., operations can be performed in a
different order than illustrated and/or in parallel). For
example, FIG. 4 is described in relation to a modification of
code, such as a developer changing a source code file. How-
ever, the operations can apply to other types of data, and some
operations may not apply to some types of data, while the
process for other types of data may include other operations.

Furthermore, the examples above may be simplified. For
example, in general, the examples refer to single sources of
data when discussing relationships and rules. Data sources
can be combined to create relationships and rules, and rules
and relationships can exist between different types of data.
For example, in FIG. 3 at block 306, the defect analysis
system determines the cause of a defect and a potential solu-
tion. It is described as determining the cause and solution
based on related defect reports. However, different types of
data may be referred to. For example, a version of a software
component may have been released for use with a latent
defect. Prior to the latent defect being discovered by an end
user, a developer working on the software components finds
the defect and fixes it. When checking in the corrected file, the
developer describes the defect in the version control log.
Subsequently, a new defect report is entered that describes a
similar bug. The defect analysis system can be implemented
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to recognize that the version control log entry is related to the
new defect report, and that the solution is to update the file
related to the version control log entry.

As will be appreciated by one skilled in the art, aspects of
the present inventive subject matter may be embodied as a
system, method or computer program product. Accordingly,
aspects of the present inventive subject matter may take the
form of an entirely hardware embodiment, an entirely soft-
ware embodiment (including firmware, resident software,
micro-code, etc.) or an embodiment combining software and
hardware aspects that may all generally be referred to herein
as a “circuit,” “module” or “system.” Furthermore, aspects of
the present inventive subject matter may take the form of a
computer program product embodied in one or more com-
puter readable medium(s) having computer readable program
code embodied thereon.

Any combination of one or more computer readable medi-
um(s) may be utilized. The computer readable medium may
be a computer readable signal medium or a computer read-
able storage medium. A computer readable storage medium
may be, for example, but not limited to, an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list)
of the computer readable storage medium would include the
following: an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or
store a program for use by or in connection with an instruction
execution system, apparatus, or device. A computer readable
storage medium does not include transitory, propagating sig-
nals.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that is not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution system,
apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wireline, optical fiber cable, RF,
etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present inventive subject matter may be written
in any combination of one or more programming languages,
including an object oriented programming language such as
Java, Smalltalk, C++ or the like and conventional procedural
programming languages, such as the “C” programming lan-
guage or similar programming languages. The program code
may execute entirely on the user’s computer, partly on the
user’s computer, as a stand-alone software package, partly on
the user’s computer and partly on a remote computer or
entirely on the remote computer or server. In the latter sce-
nario, the remote computer may be connected to the user’s
computer through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the con-
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nection may be made to an external computer (for example,
through the Internet using an Internet Service Provider).

Aspects of the present inventive subject matter are
described with reference to flowchart illustrations and/or
block diagrams of methods, apparatus (systems) and com-
puter program products according to embodiments of the
inventive subject matter. It will be understood that each block
of'the flowchart illustrations and/or block diagrams, and com-
binations of blocks in the flowchart illustrations and/or block
diagrams, can be implemented by computer program instruc-
tions. These computer program instructions may be provided
to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine, such that the instructions, which
execute via the processor of the computer or other program-
mable data processing apparatus, create means for imple-
menting the functions/acts specified in the flowchart and/or
block diagram block or blocks.

These computer program instructions may also be stored in
a computer readable medium that can direct a computer, other
programmable data processing apparatus, or other devices to
function in a particular manner, such that the instructions
stored in the computer readable medium produce an article of
manufacture including instructions which implement the
function/act specified in the flowchart and/or block diagram
block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps to
be performed on the computer, other programmable appara-
tus or other devices to produce a computer implemented
process such that the instructions which execute on the com-
puter or other programmable apparatus provide processes for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

FIG. 7 depicts an example computer system including a
defect analysis system, which includes a defect analysis
application and a defect analysis database. A computer sys-
tem includes a processor unit 701 (possibly including mul-
tiple processors, multiple cores, multiple nodes, and/or
implementing multi-threading, etc.). The computer system
includes memory 707. The memory 707 may be system
memory (e.g., one or more of cache, SRAM, DRAM, zero
capacitor RAM, Twin Transistor RAM, eDRAM, EDO
RAM, DDR RAM, EEPROM, NRAM, RRAM, SONOS,
PRAM, etc.) or any one or more of the above already
described possible realizations of machine-readable media.
The computer system also includes a bus 711 (e.g., PCL ISA,
PCI-Express, HyperTransport®, InfiniBand®, NuBus, etc.),
a network interface 713 (e.g., an ATM interface, an Ethernet
interface, a Frame Relay interface, SONET interface, wire-
less interface, etc.), and a storage device(s) 717 (e.g., optical
storage, magnetic storage, etc.). The computer system also
includes one or more I/O devices 715. The computer system
also includes a defect analysis application 709 and a defect
analysis database 719. The defect analysis application 709
and defect analysis database 719 embody functionalities to
analyze data sources to determine relationships between the
data. The defect analysis application 709 and defect analysis
database 719 also embody functionality to utilize the deter-
mined relationships to reduce time and effort related to deter-
mining the cause of defect and preventing defects. Any one of
these functionalities may be partially (or entirely) imple-
mented in hardware and/or on the processing unit 701. For
example, the functionality may be implemented with an
application specific integrated circuit, in logic implemented
in the processing unit 701, in a co-processor on a peripheral
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device or card, etc. Additionally, the defect analysis applica-
tion 709 can be embodied, in part or in whole, on the storage
device(s) 717, and the defect analysis database 719 can be
embodied, in part or in whole, in the memory 707. Further,
realizations may include fewer or additional components not
illustrated in F1G. 7 (e.g., video cards, audio cards, additional
network interfaces, peripheral devices, etc.). The processor
unit 701, the storage device(s) 717, and the network interface
713 are coupled to the bus 711. Although illustrated as being
coupledto the bus 711, the memory 707 may be coupled to the
processor unit 701.

While the embodiments are described with reference to
various implementations and exploitations, it will be under-
stood that these embodiments are illustrative and that the
scope of the inventive subject matter is not limited to them. In
general, techniques for analyzing data to reduce the effort
involved in troubleshooting software defects and reduce the
number of software defects as described herein may be imple-
mented with facilities consistent with any hardware system or
hardware systems. Many variations, modifications, additions,
and improvements are possible.

Plural instances may be provided for components, opera-
tions or structures described herein as a single instance.
Finally, boundaries between various components, operations
and data stores are somewhat arbitrary, and particular opera-
tions are illustrated in the context of specific illustrative con-
figurations. Other allocations of functionality are envisioned
and may fall within the scope of the inventive subject matter.
In general, structures and functionality presented as separate
components in the exemplary configurations may be imple-
mented as a combined structure or component. Similarly,
structures and functionality presented as a single component
may be implemented as separate components. These and
other variations, modifications, additions, and improvements
may fall within the scope of the inventive subject matter.

As used herein, the term “or” is inclusive unless otherwise
explicitly noted. Thus, the phrase “at least one of A, B, or C”
is satisfied by any element from the set {A, B, C} or any
combination thereof, including multiples of any element.

What is claimed is:

1. A method comprising:

analyzing a first set of data associated with a plurality of

data sources to determine a plurality of relationships
among the first set of data;

storing indications of the plurality of relationships among

the first set of data;

generating first rules based, at least in part, on the first set

of data associated with the plurality of data sources,
wherein a first of the first rules indicates a first software
defect and a cause of the first software defect, wherein a
second of the first rules indicates a solution to the first
software defect;

receiving an indication of a second software defect;

determining that the solution to the first software defect is

a possible solution to the second software defect based,
at leastin part, on the first of the first rules and the second
of the first rules;
receiving an indication that first data associated with the
plurality of data sources has been modified;

determining a relationship between the first data and sec-
ond data associated with the plurality of data sources,
wherein the relationship indicates the possibility that the
modification of the first data impacts the second data;
and

responsive to the determining the relationship between the

first data and the second data, determining and indicat-
ing a modification to at least one of the first data, the
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second data, or third data associated with the plurality of
data sources, wherein the modification reduces the pos-
sibility that the modification of the first data will impact
the second data.

2. The method of claim 1, further comprising:

analyzing a second set of data associated with the plurality

of data sources, wherein the second set of data is related
to the second software defect; and

generating second rules based, at least in part, on the sec-

ond set of data associated with the plurality of data
sources.

3. The method of claim 2, wherein determining that the
solution to the first software defect is a possible solution to the
second software defect comprises:

determining a relationship between the first software

defect and the second software defect based, at least in
part, on the first rules and the second rules.

4. The method of claim 1, further comprising:

identifying a user of a plurality of users as being associated

with the first data; and

responsive to said identifying the user of the plurality of

users, indicating, to the user of the plurality of users, that
the modification of the first data has a possibility of
impacting the second data.

5. The method of claim 1, further comprising:

generating a constraint on a process, wherein the constraint

reduces the possibility of the occurrence of a software
defect, wherein the constraint is based, at least in part, on
a third of the first rules.

6. The method of claim 1, wherein analyzing the first set of
data associated with the plurality of data sources comprises:

partitioning the first set of data associated with the plurality

of data sources, wherein the plurality of relationships
among the first set of data is determined based, at least in
part, on the partitioning of the first set of data associated
with the plurality of data sources, wherein a partition of
the first set of data indicates a cluster of software defects.

7. A method comprising:

determining, by a computing system, sets of interrelated

data;

receiving, by the computing system, an indication of a

modification of first data associated with a first of the
sets of interrelated data;

determining, by the computing system, that the modifica-

tion of the first data associated with the first of the sets of
interrelated data might result in a software defect in
second data associated with a second of the sets of inter-
related data based, at least in part, on relationships
among the sets of interrelated data; and

indicating that the modification of the first data associated

with the first of the sets of interrelated data might result
in the software defect in the second data associated with
the second of the sets of interrelated data, wherein indi-
cating that the modification of the first data associated
with the first of the sets of interrelated data might result
in the software defect in the second data associated with
the second of the sets of interrelated data comprises:
identifying a user associated with the second data asso-
ciated with the second of the sets of interrelated data;
and
transmitting, to the user, a notification indicating that the
modification of the first data associated with the first
of the sets of interrelated data occurred.

8. The method of claim 7, wherein the sets of interrelated
data are determined based, in part, on at least one of statistical
analysis, spatial analysis, cluster analysis and textual analy-
sis.
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9. The method of claim 7, further comprising:
generating a rule based, at least in part, on the relationships
among the sets of interrelated data.
10. A computer program product comprising:
a computer readable storage medium having computer
usable program code embodied therewith, the computer
usable program code comprising computer usable pro-
gram code to,
analyze a first set of data associated with a plurality of
data sources to determine a plurality of relationships
among the first set of data;

store indications of the plurality of relationships among
the first set of data;

generate first rules based, at least in part, on the first set
of data associated with the plurality of data sources,
wherein a first of the rules indicates a first software
defect, wherein a second of the first rules indicates a
solution to the first software defect;

receive an indication of a second software defect;

determine that the solution to the first software defect is
a possible solution to the second software defect
based, at least in part, on the first of the first rules and
the second of the first rules;

receive an indication that first data associated with the
plurality of data sources has been modified;

determine a relationship between the first data and the
second data associated with the plurality of data
sources, wherein the relationship indicates the possi-
bility that the modification of the first data impacts the
second data; and

responsive to a determination of the relationship
between the first data and the second data, determine
and indicate a modification to at least one of the first
data, the second data, or third data associated with the
plurality of data sources, wherein the modification
reduces the possibility that the modification of the
first data will impact the second data.

11. The computer program product of claim 10, wherein
the computer usable program code further comprises com-
puter usable program code to:

analyze a second set of data associated with the plurality of
data sources, wherein the second set of data is related to
the second software defect; and

generate second rules based, at least in part, on the second
set of data associated with the plurality of data sources.

12. The computer program product of claim 11, wherein
the computer usable program code to determine that the solu-
tion to the first software defect is a possible solution to the
second software defect comprises computer usable program
code to:

determine a relationship between the first software defect
and the second software defect based, at least in part, on
the first rules and the second rules.

13. The computer program product of claim 10, wherein
the computer usable program code further comprises com-
puter usable program code to:

identify a user of a plurality of users as being associated
with the first data; and

responsive to identification of the user of the plurality of
users, indicate, to the user of the plurality of users, that
the modification of the first data has a possibility of
impacting the second data.

14. The computer program product of claim 10, wherein

the computer usable program code further comprises com-
puter usable program code to:



US 9,195,566 B2

19

generate a constraint on a process, wherein the constraint
reduces the probability of the occurrence of a software
defect, wherein the constraint is based, at least in part, on
a third of the first rules.

15. The computer program product of claim 10, wherein
the computer usable program code to analyze the first set of
data associated with the plurality of data sources comprises
computer usable program code to:

partition the first set of data associated with the plurality of

data sources, wherein the plurality of relationships
among the first set of data is determined based, at least in
part, on the partitioning of the first set of data associated
with the plurality of data sources, wherein a partition of
the first set of data indicates a cluster of software defects.

16. An apparatus comprising:

a processor; and

a computer readable storage medium having program code

stored therein that is executable by the processor to

cause the apparatus to,

analyze a first set of data associated with a plurality of
data sources to determine a plurality of relationships
among the first set of data;

store indications of the plurality of relationships among
the first set of data;

generate first rules based, at least in part, on the first set
of data associated with the plurality of data sources,
wherein a first of the rules indicates a first software
defect, wherein a second of the first rules indicates a
solution to the first software defect;

receive an indication of a second software defect;

determine that the solution to the first software defectis a

possible solution to the second software defect based, at

least in part, on the first of the first rules and the second

of the first rules;

receive an indication that first data associated with the

plurality of data sources has been modified;

determine a relationship between the first data and the

second data associated with the plurality of data sources,
wherein the relationship indicates the possibility that the
modification of the first data impacts the second data;
and

responsive to a determination of the relationship between

the first data and the second data, determine and indicate
a modification to at least one of the first data, the second
data, or third data associated with the plurality of data
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sources, wherein the modification reduces the possibil-
ity that the modification of the first data will impact the
second data.

17. The apparatus of claim 16, wherein the program code
further comprises program code executable by the processor
to cause the apparatus to:

analyze a second set of data associated with the plurality of

data sources, wherein the second set of data is related to
the second software defect; and

generate second rules based, at least in part, on the second

set of data associated with the plurality of data sources.

18. The apparatus of claim 17, wherein the program code
being executable by the processor to cause the apparatus to
determine that the solution to the first software defect is a
possible solution to the second software defect comprises
program code executable by the processor to cause the appa-
ratus to:

determine a relationship between the first software defect

and the second software defect based, at least in part, on
the first rules and the second rules.

19. The apparatus of claim 16, wherein the program code
further comprises program code executable by the processor
to cause the apparatus to:

identify a first of a plurality of parties as being associated

with the first data; and

responsive to identification of the first of the plurality of

parties, indicate, to the first of the plurality of parties,
that the modification of the first data has a possibility of
impacting the second data.

20. The apparatus of claim 16, wherein the program code
further comprises program code executable by the processor
to cause the apparatus to:

generate a constraint on a process, wherein the constraint

reduces the probability of the occurrence of a software
defect, wherein the constraint is based, at least in part, on
a third of the first rules.

21. The apparatus of claim 16, wherein the program code
being executable by the processor to cause the apparatus to
analyze the first set of data associated with the plurality of
data sources comprises program code to:

partition the first set of data associated with the plurality of

data sources, wherein the plurality of relationships
among the first set of data is determined based, at least in
part, on the partitioning of the first set of data associated
with the plurality of data sources, wherein a partition of
the first set of data indicates a cluster of software defects.
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